427 1330
UT3IIRK} 7¥¢n4:
el

IY9Y
CNOTLINTAYG Wy

i

W

ROTOA




MCR-73-247

NASB-29622
User’s
Volume M1 Manual October 1973
&B&Wlt& Impact SPACE SHUTTLE
SOLID ROCKET BOOSTER
Computer Program RECOVERY SYSTEM
DEFINITION
Approved

VA

Richard E. Brackeen.
Manager
Shuttle Booster Programs

MARTIN MARIETTA CORPORATION
DENVER DIVISION

P.O. Box 179

Denver, Colorado 80201



FOREWORD

This report is submitted in three volumes to the National Acro-
nautics and Space Administration, Marshall Space Flight Center,
in partial fulfillment of the requirements of Contract NASS8-
29622,

The objective of this contractual effort has been to define per-
formance requirements, preliminary designs, and development
program plans for an airborne recovery system for the Space
Shuttle Solid Rocket Booster, with minimum total program costs
being the primary selection criterion,

Volume I, entitled Technica’ Report, Space Shuttle Solid Rocket
Boogter Recovery System Dzfinition, contains the results of all
analyses performed during the study term to define the performance
requirements, preliminary designs, and development program plans
for the SRB Recovery Subsystem.

Volumes II and III contain user's instructions for two computer
programs developed in support of the contract technical studies.
Volume II is entitled Solid Rozket Booster Water Impact Mcnte
Carlo Computer Program and Volume III is entitled Solid Rocket
Booster Water Impact Loads Computer Prug.
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SUMMARY

This user's manual describes the FORTRAN IV computer program
developed to compute the total vertical load, normal concentrated
pressure loads, and the center of pressure of typical SRB water
impact slapdown pressure distributions specified in the baseline
configuration, Preliminary Water Impact Loads for the Space
Shuttle Solid Rocket Booster (SRB), dated 11 April, 1973.

The program prepares the concentrated pressure load information
in punched card format suitable for input to the STAGS computer
program. In addition, the program prepares for STAGS input the
inertia reacting loads to the slapdown pressure distributionms.
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NOMENCLATURE

A
ANOLE
ANIL
ANL
ATIL
AVL
AWA
(4
CPr
CwSR
D

(V]
DCPR
DHPR

DEOREE TO RADIAN CUNVERSION

140 LESS INCLUSIVE ANGLE/Z OVER WHICH ReACTIno STRAP BLARS
NOURMAL INERTIA LUAU COMPUNENT AT A NODE

NORMAL LOAD AT mMESH PUINT

TANGENTIAL INERTIA LOAL COMPUNENT AT a NOUDE

VERTICAL COMPONENT Ur NUKMAL LOAL

WETTED ANGLE AT MESH POINT

CENTER OF PRESSURL

RADIAL PRESSURE CISTRIGUIION CURVE 2 (WETTED ANGLE EGWUAL 90)
WETTED SURFACE wATIU OF YCORD IN MeSH

VEHICLE DIAMETER

INCREMENTAL LENGTH IN StOMENT Y

INCREMENTAL PRESSURE RATIO FOR CUuRVE ¢

INCREMENTAL PRESSURE RATIO FOR CURVE 1}

INCREMENTAL LENGTH IN SEOUMENT X

INCREMENTAL PRESSURE

INCREMENTAL VEHICLE STATIOWN

INCKREMENTAL WETTeu ANGLE

INCREMENTAL WETTEL SURFAULE KATIO

INCREMENTAL DISTLnNCE ALONG X COORDINATE

INCHEMENTAL DISTANCE ALONG Y COORDINATE

PORTION OF VEMICLE CIKCUMFERENCE

RADIAL PRESSUKE DISTKIBUTION CuRkvVE 1 (WETTED ANGLE LESS 90)
HOKIZONTAL VELOCITY

CODE FOR DESIRED OUIPUT (0sle OR 2)

CODE FOR SHAPE OF PRESSURE CURVE (0 UK 1)

CODE FOR SHAPE UF WwtTTEL ANGLE CuRVE (0 OR 1)

NUMBER OF COLUMNS ALONG Y COORDINATE DIRECTION

MUMBER OF CIRCUMFERENTIAL UDATA PUINTS FOx PRESSURE
NUMBER OF LONGI uDINAL DATA POINTS FOR KEEL P _SSURE
NUMBER OF SEGMENTS IN X DIRECTION WITH CONSTAnT SKACING
NUMBER OF SEGMENTS InN Y DIRLCTION WITH CONSTANT SPACING
NUMBER OF ROWS ALONOG X CUORDINATE DIRECTION

NUMBER OF MESH SPACES WITHIN SEGMENT X

NUMBER OF MESH SPACES WITHIN SEGMENT Y

PRESSUKE RATIVO OF YCORD IN MESH AT A LONGITUUINAL STATION
Pl

PRESSURE AT YCOURD IN MESH

MAXIMUM PRESSURE

NORMALIZED PRESSURE AT A VEHICLE STATION

VEHICLE RADIUS

UNIFORM STRAP BEARING LOAD AT A LONGITUDINAL STATIUN
AVERAGE PEAK RUNNING LOAL AT A LUNGITUDINAL STATION
LENGTH OF SEGMENT IN X DIRECTION

ANGLE OF SEGMENT In Y DIKRECTION

STRAP TENSION LUAD AT A LONGITUDINAL STATION

TOTAL VERTICAL INERTIA LOAD ON VEHICLE

HALF OF TUTAL VERTICAL PRESSURE LOAD ON VEMICLE

TOTAL FIRST MOMENT OF VERTICAL PHRESSUKE LOAD UN VEHICLE
TOTAL VERTICAL LUAD ON VEHICLE DUE TO PRESSURE

TIME POINT NUMBER

INCLUSIVE ANGLE USED IN veHICLE MODEL (90 OR 180)

TUTAL X LENGTH

TOTAL NUMBER OF TIME POINTS

TOTAL VERTICAL INERTIA LOAD AT A VEHICLE STATION

TOTAL VERTICAL PwtSSUME LOAD AT A VEHICLE STATIUN

FIRST MOMENT OF TOTAL VERTICAL PRESSURE LOAD AT A STATION
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NOMENCLATURE (CON=-TD)

uB
VIL
VL
vsD
vy

WA
WSR
XCORD
KPN
XWA
YCORD

UNBALANCE BETwEEN PRESSURE AND INEKTIA LOADING
VERTICAL INERTIA LOAD AT A MESH POINT
VEHICLE LENGTH

NON*DIMENSTIUNAL VERICLE STATION IN DIAMETERS
VERTICAL VELOCITyY

WETTED ANGLE AT A vEHICLL STATION

WETTED SuwrFACe RaTIu

X=COORDINATE UF WMESH POINT

MAX PRESSURE AT a RUW [N MESH

AVERAGE WETTEL ANOLE AT A ROW IN MESH
Y=COORDINATE QF MtSH POINT
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1.0

PROGRAM DESCRIPTION

The program is designed to p-epare point load cards that are
representative of an arbitrary SRB water impact slapdown pres-
sure distribution. The punched load cards are in a format com-
patible for use in the STAGS shell analysis program.

The program will compute in a single run the loads for an un-
limited quantity of slapdown pressure distributions on any size
vehicle,

The program utilizes as part of its input mesh definition cards
identical to those required for STAGS input. The program then
generates for an arbitrary mesh the normal point loads repre-
sentative of the slapdown pressure distribution. In addition,
the total vertical load and its center of pressure (relative to
the initial vehicle station) on the vehicle are calculated.

The inertia reacting loads are calculated so as to balance the
total vertical pressure load at each incremental vehicle station.
The net normal and tangential load components are then computed
for each mesh point in a format compatible for use in the STAGS
computer program,

There are essentially 16 steps required to obtain a set of loads
for each time point or slapdown pressure distribution, These
are:

1) readiig data points required to describe the normalized
pressure and wetted angle curves;

2) reading data to descripe each time point and vehicle parameter;

3) dimensionalizing pressure versus vehicle station curve;
4) calculation or reading of X-coordinate data;
' calculation or reading of Y-coordinate data;

6) calculation of increments in veiicle length, pressure, and
wetted angle data;

7) calculation of maximum pressure and wetted angle for each X-
coordinate in mesh;



8)

9)

10)

11)

12)

13)

14)

15)

16)

calculation of average peak running load for each X-coordinate
in mesh;

calculation of average wetted angle for each X-coordinate in
mesh:

calculation of incremental values for the two nc.adimensional
radial pressure distribution curves;

calculation of wetted surface ratio, pressure ratio, and
value of radial pressure loading at each mesh point;

calculation of equivalent normal pressure load and its ver-
tical component at each mesh point and the total vertical
pressure load for each incremental longitudinal station;

calculation of vertical inertia load and its normal and
tangential component at each mesh point and the total ver-
tical inertia load (equal and opposite to the total vertical
pressure load) for each incremental longitudinal station;

calculation of net normal and tangential load components at
each mesh point;

calculation of total vertical pressure load, its center of
pressure, and any unbalance between the total vertical
pressure and inertia load;

punched or written output of the net normal and tangential
load components for each mesh point,



2.0

GENERAL NOTES

A portion of the program nomenclature is illustrated in Figures
2-1 and 2-2, The program assumes collapse pressures to be posi-
tive in value, and the vehicle wodel coordinate system to be as
noted in Figure 2-2,

Since the program uses a linear integration scheme, the accuracy
in the loads data will generally be a function of the mesh density.
(Loads generally are more accurate for a denser mesh.) Also, to
further improve the accuracy. the normalized data points used to
describe the keel pressure and wetted angle curves should have

the same vehicle station or X-coordinate as a mesh point. In
addition, the LA-LP option code allows either a tapered or stepped
shaped wetted angle and keel pressure distribution curve to be
used. (See Example Problems 1 and 2.)

The program will use up to two normalized radial pressure distri--
tution curves. Curve 1 should be used if the wetted angles are
less than 90 deg, and Curve 2 should be used if the wetted angles
are equal to 90 deg.

Depending upon the specified value of KO, the program will then
calculate only the normal pressure loads, the net pressure and
uniform inertia relief loads, or the normal pressure loads and
the reacting strap normal bearing loads.
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3.0

DATA_CARDS

= —— -y

As basic input data for each pressure distribition or time point,
the following data cards are required.

Fo: Each Run

1)

Total number of ..me points or pressure distributions
(REQUIRED) ;

For Each Time Point

1

2)

3)

4)

5)

6)
7)
8)
9)
10)
11)
12)

13)

Number of data points (20 max) required to properly define
the normalized keel slapdown pressure distribution and
wetted angle curves as a function of the normalized vehicle
station, and the number of data points (20 max) required to
define the two normalized radial slapdown pressure distri-
bution curves (RFQUIRED):

Maximum keel pressure and wetted angle versus X-sta.lon
curve data (REQUIRED);

Radial pressure ratio versus wetted surface ratio curve data
(REQUIRED) 3

Value of maximum slapdown pressure, number of time points,
vertical and horizontal velocity, vehicle radius and length,
and total angle used in STAGS model (REQUIRED);

Numter of rows (100 max) and columns (37 max) in mesh
(REQUIRED) ;

X-courdinate carde (OPTIONAL);

X-segment card (OPTIONAL);

X-segment l:uzths definition cards (OPTIONAL);
X~segment spacing definition cards (OPTIONAL);
Y-coordinate cards (OPTIONAL);

Y-segmenit card (OPTIONAL);

Y-segment lengths definicion cards (OPTIONAL);

Y-segment spacing definition cards (OPTIONAL).



3.1

INSTRUCTIONS FOR CODING CARDS

For EBach Run

1) Control card
Format (F10.5)

*CCN|1 10
TNT

For Eqch Time Point

1) Control card for slapdown pressure and wetted angle curves
and type of punched output desired.
Format (5I5)

CCN ]1 5 {6 10 J11 15} 16 20§21 25

NLDP NCDP LA Lp KO
(20 max)| (20 max)

LA = code for shape of wetted angle curve
0 = tapered loading
- 1 = stepped loading

LP = code for shape of pressure curve
0 = tapered loading
1 = stepped loading

KO = code for punched loads output
0 » normal pressure loads only
1 = net pressure and uniform inertia relief loads
2 = normal pressure and strap bearing loads

2) Keel pressure and wetted angle versus X-station curve data
Format (6 F10.5)

CCN |1 10§11 20§21 30|31 4041 50]51 60

vsD WA PN VSD WA PN

*CCN stands for card columm number



3) Radial pressure ratio versus wetted surface ratio curve data
Format (6 F10.5)

CCN |1 10111 20 |21 30 |31 40 }41 50151 60
WSR HPR CPR WSR HPR CPR

4) Pressure, time point, velocity, and vehicle data
Format (8 F10.5)

CCN {1 10 J11 20|21 3031 4041 5051 6061 70
PMAX T w HV R VL THETA
71 o
ANGLE

5) Control card defining meéﬁ size
Format (215)

CCN |1 5 |6 10

NR NC
(100 max)] (37 max)

6) X-coordinate data
Format (8E10.6)

CCN 11 10111 20]21 30]31 4041 5051 60}61 70
XCORD XCORD XCORD XCORD XCORD XCORD XCORD
71 80
XCORD
7) Control card for X-segments
Format (I5)
CCN |1 5
NNX




8)

CCN

9)

CCN

10)

CCN

11)

CCN

12)

CCN

X-segment length data
Format (8E10.6)

1 1011 2021 3031 40}41 50)51 60}61 70
SEGLX SEGLX SEGLX SEGLX SEGLX SEGLX SEGLX
71 80
SEGLX
X-segment spacing data
Format (16I5)
1 516 10111 15
etc
NSEGX NSEGX NSEGX
Y-coordinate data
Format (8E10.6)
1 10j11 2031 30}31 40}j41 50 51 60|61 70
YCORD YCORD YCORD YCORD YCORD YCORD YCORD
71 80
YCORD
Control card for Y-segments
Format (I5)
1 5
o
Y-segment length data
Format (8E10.6)
1 10 ]111 20 J21 3031 4041 50}51 60 )61 70
SEGLY SEGLY SEGLY SEGLY SEGLY SEGLY SEGLY
71 80
o |



13) Y-segment spacing data
Format (1615)

ceNjr 5 |6 10)11 15

etc
NSEGY NSEGY NSEGY

10



4.0

4.1

4.2

4.3

N

£~

SAMPLE PROBLEMS

The following sample problems are given to illustrate the input
and output of the water impact loads program.

SAMPLE PROBLEM 1

The problem was designed to show the input and partial output for
a keel slapdown pressure distribution typical of those shown in
the baseline water impact loads document (4/11/73). The normal-
ized pressure and wetted angle curves are shown in Figures 4-1
and 4-2.

SAMPLE PROBLEM 2

The problem was chosen to illustrate the input and partial output
for a keel slapdown pressure distribution like that simulated on
the 120-in. diameter test speciman. The normalized pressure and
wetted angle curves are shown in Figures 4-3 and 4-4.

PROGRAM LISTING

A complete listing of the FORTRAN IV program is given to aid in
illustrating the integration steps used to obtain a set of loads.

THREE SUPPLEMENTAL PROBLEMS

Three supplemental problems were also run to generate the punched
load cards representative of a slapdown pressure distribution of
the same general shape as that simulated oa the 120-in. diameter
test specimen, However, the peak pressures were reduced from
those in Sample Problem 2 and the location of the distribution

was varied. (See listing of input data cards on page 65. For a
listing of the normal concentrated pressure loacs for each supple-
mental problem, see page 66.) The punched cards are in a format
suitable for use in the 90-deg STAGS model of the 120-in. diameter
static test specimen. In addition, the total vertical pressure
load and its center of pressure are punched as a card for each
distribution,

11
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Figure 4-2 Normalized Radial Pressure Distribution for Example Problem I
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Figure 4-4 Normalized Radial Pressure Distribution for Exzample Problem 2
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LISTING OF INPUT DATA CARDS FOR EXAMPLE PROBLEMS 1 AND 2

2.0

10 3 0 } 1

0.0 0.0 0.0 3.30988 0,0 U.0
3,52113 30,0 0.5 3.%59155 33.0 1.0
3.807282 58,1 0.63 44,1001 83,0 0,26
5.0 20.0 000 6.0 9040 0.0
7.0 90,9 9.0 10.¢C 90.0 0.97
0.0 1.0 1.¢C 0.2 0.82 0.9
8+4 DebeS Q6% 0.6 0.18 0.34
0.3 0.06 0.12 1.C 0.0 0.0
70.0 1.0 60.0 60,0 71.0 162040 180.0
re 19

3 i0 1 L 1

0.0 0.0 8.0 3.47999 15,0 1.0
65.96001 60.9 G.177278

0.0 1.0 8.¢ C.11111 0.98431 0.0
9.22222 0.93963 0.0 0.,23333 0, 86603 0.9
LI XL YTY 8.7660% 0.0 0.55555 0.64279 8.0
0.66E€6 8,5 .0 g.77777 8.34282 0.0
0.8888A 0.17365 0.0 1.0 0e9 0.0
4543 2.0 00.¢C 6G.C 60.0 8135,2 90.0
49 19

PRECEDING PAGE BLANK NOT FILMED



LISTING UF NET NORMAL AND TANGENTIAL LOADS FUR EXAMPLE PHROBLEM 1

STVL= ?271574L.55 ST X(= 164P7C1 L5, uls S2YVL=s 411489,79 fe= TR 8L
xrgen yYene ANL ATTL
s 0, 0. fe
b 10,0 09%C" 0. Qe
3. 2q.0000¢0 ¢, N,
e. 3r.ccace Co %
O B Cragn T 0.
fe Sy, 01050 Cs 0.
Ge Al, 0OANG Co 0.
G, 7N GOGCO C» 0.
Je 8¢,C00C0 C. N,
d 33, 2NA0T 0. 0.
9. 10n.00"60 Ce 0.
" 110.000C0 C. N
Oe 120,CC03¢C G e.
0. 12~,000CY 0. 0.
% t40.CCCOC fe 0.
e. 150, 685C" Te 9.
Ce 157, 0€°C0 0. 0.
LY 170.,0CrGrP B 0.
a. !‘39.“"000 C- 0.
28.,00020 Fe O, 0.
20,0900 16.9000¢C G 0.
20.00000 20, 0C0¢CC Ce 3.
20,0080 30,0r000 C. 0,
2N, 07120 s4g,0€0C" (18 0.
23.0M18 S0, ulCCT Ge 0.
2C.23000 66.CC00"C g, G
24,07109 70,000u" 8. U
20,70101 80, CCOCN 0. 0.

23.0"39¢0 23.0¢C0€0 2. 0,



23.0200"
20,0715
29.,%300"
2).0°000
20,03%30C
20,01322
23,00900
20,0700
23.M094"
42,00000
40.33160
43,3000
YTy b
Lr, 0937
43,0030
U PR R
'S POLPLY]
%0,03300
40.71200C
4%.07900
40,0003
48, 0"30"
43.03%"
4. 0G0
0473000
+0.0710"7
4N, rongn
4J.CN3NC
63.10790
60,030)0
30,070¢00
hN, 8”109
58,09019

136.0C0C"
t1c,cencn
126, 00300
130, 005C0
140, 2C00"
150,30000
150, 300NC
170,7€060
183, €COCC
0.
13,0090C
21, 0r0ny
N IR
43, 3€CCP
0. £C0CO
&0, 0"00C
70,30508
20, 0(6CH
95,0906
140, 3C200
113, reaoe
120, CCCCO
130, 00010
143, 00C30
150,300
160,3€00¢
17r.0€0C0
1#0.CCCC
",
10, 0070¢C
27.cc00¢
30, 0020C
4", 50000

19



R0,0170¢
sd.u0N"
R S AL D R
57.0%17]
51,0708
50,0309
50,010
59.01100
A0,030J2
50,0000
AR0.00700
44.00000
f0.03700
50.05)90
30,0730
an,€1000
93.91)3400
R8.07000
3J.007%00
3d.0790n
31,010)"
2N, 03900
an,nv30n
30, 00042
17,27000
"0.07%339
30.9r00
30,0390
20,000"°
R9.,017°00
%0.03000
30.0%010
.070M
120. 3703
130.070401%
119.07193%
104.0002028
199,23300
113.,07390
190,799%0
190,0°309
100.,00000
100.,0000¢
19%.00J00
130.00090
1}J.07000
194d,9°%090
130.0%000
170.0039%0
190,03n00
133,00200
1.0.03000
120,09390
129,07000
120.9C0%
120.07000
128.,099n0
120,0000°
120,00000
123,017002
120.,000¢€9
120.,02900

SCe €240
h.CCOCC
70.r€L0G
fe,0CN0C
20,C(0u"
103.,3Cn09
110, 45106¢C
12r. 00000
136, 0CN2C
140,0C0GC0
159, C¢80C"
1h0,CC0CT
1vr, CCOCE
18g,rC"0C
L
1¢.0€0rC
20, 9C30N
30,0040
", 00300
Sd.0r0CC
6%,90000
7h,0CC00
An,.,0C00"
20, 0000
19°,0rC0CC
110.0¢C00¢C
120,$€0060
130,07000P30
143,0cCCr
150,7(00C0
150.,0800¢00
irn.CCOGN
133,306000
N
10.00000
20,0(0CO
3n, 0000N
#0,0€000
Sn,0(000
R, 0C0C"
78,C00C0
30,2C000
90.,3(cCCE
190,0ce0¢C
113.0¢00C0
120, 0codace
130,4000C
fen,0cn00
151.0C000
142, C000°
170.,00038¢
187, 0000
L
19, 00000
210, CCOCO
30, 8cC0C0
Lb0,00000
50,00000
A0, CCOCC
70. 6o0io
A0, £COCN
9n0,0C000



1204uM193
120.171709
120,n*000
124. 070050
12 ),00M¢
123,C305"0
127,6M00
120,003%0
120.0101)"
140,020
149, 000480
{40,0220"7
L PRl e
14¢2,7219J190
11,7907
14w, 2¥00C
140,027
43,0750
193, 022CH
140,05900
10,000
141.9013130
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£79,693107
€78.51020
€78,63"¢"
67%.6°190C
€78.A700"
MR, 00217
676.0002"
6396,.,09000
95, 0C000
645, 91737
LLLPR LLE LG
696, 20102
616,94M0"
636,07043n
695, 0C90"
695,070M0

ATRIS I
35. 200"
el
%5, .(MCL
SUe.(CUG
56, 500°¢C
6% (e
RS5,7023¢
Tde.CCNCC
7%, 4 (0GP
A2, 3098
35, CLIeLl
213 30000

0.

5. uﬂ'.‘l‘."
10, .€3¢¢C
15.rCOQC
2%.4u(0r¢
25, 000CC
30 0LICC
35.609a¢C
4, 2rICC
45,8006
S6e 0l
$5.1r10¢€C
5N, 0(0f4
55, 2CNCG
re.cc0C0
75. 3(6CC
80, £COCn
8S.5010N
30, CCICe

9.

S.at0Ce
te. 204017
15.Ctree
20.0¢300
2540630
30.2006¢C
35.2€0C0
Lr,nen (Y
n5, 20200
59.2€00C
55,963
60, eCACO
%S, LCNGC
70.3030°
75.G600¢0
80.270°C
88, c0ae0
6. 3(CeC

5.506G¢C
10, 0¢rce
15, 0u0C0
20, crooe
25.00000
310.40730¢C
35, 10¢00¢
40.CC2C3C
45,00000
57.90000

SD ML Ed X
3Q,41 25
35,62814
425,62161
IR, TTRIG
3u%,113259
229,85015
254422799
295.R3047
155, 73€68
1)4,.6376%
532444333
=e¢37000
-762.£%335

-1488,A5C042
~1380.73821
-1216,C7517

~972.73153
-689,i76910
-265.57627
-1k,42526
239.54470
b1h.9652(12
378.65145
337,84°073
296,530,
288.95473
231.67€23
152 ,646437
102.23216
S1.34145
-.CJ000
-702.20540

~137%,%19¢9)
~1281.01127
~1137,7°331

~034.%0317
~F9G. 68074
=611.,$64%0
-135.63929
89.21638
‘87,37895
368.533(C8
32R,85185
286.66785
242.30216%
196.,097236
148.39020
99,55870
49.96950

- 00000
~642.91770

=1255.,99€40
-1133.,27653
-1658,17983

-838,73322
-680,.u2182
~439,99337
«175.26098
135.12924
311.64620
356,22778

=31r,46116
-345,13259
-386.773 36
-425,45051
“460,JU6ED
-492.90742
-521.13%07
~54%,36380
-56%.,632173
-531,721719
-592,57882
-€92,431¢CR
«330.36315
.
=51, 145
-102,2921F
'1520 46437
«201,47%6._3
-24R, 35473
-294,%38¢4L
aITP,INA7?
-T78,65145
~416,5L30L10
-451,25322
-432,54369
«516,.1%572
-533.98514
-553,551 319
~5R9,00L77
-580.127€%
~586.33546
«294,5385¢64
0.
-49,286950
-33,55870
~169,29020
«196,09236
~26L2,10214%
-286,€K785
-328.%5195
-368,53%0¢
«405,40956
-439,20962
=469,.F4911
*49€,5232%8
-519,F18€1
-538,75932
-553,7¢€976
=564, €254
-571.15398
-28€,EE£7RS
0.
-48,31458
=96,26165
~162,47572
-133,59825
«23L,77743
-277,17381
-317,96073
=35, 32778
-3941,9¢
-62&. et

33



f16.0394"
€1, 01000
f26,3080)0
635.037170
6,011
636,31J100
RAKR 031
£26.,11910
73,4323
713, 63000
7L %.411480
7L, 477"
713, 074003
1 3.4030"
Tt 3,403
713.821290
713.4700C
713.67070
71 T 61320
713,429
71 3.6000"
71%,.403)¢
71 3.6L2000
713,600
T13.61%00
713, 401000
71 3.6730¢C
739,803100
7%2.,81109
733486200
735,800
734.80030
7rLLANC0
739,8"000
7080707
7%0,50700
730.8000¢C
7T5.203¢80
730,807
730, 9801930
730,49000
73C.8035"
733.8)06°0
730,110
739,857
730.8)000
7488,2°009
748,29090
T48,.,2)100
748,.20000
THA, 21000
745.,77000
T48,20%00
7658,2090¢C
Punr, 20000
Thn, 20000
748,20030
748,2°030
TuB.217090
Tu8.20000
Tue,21000
748.,20000

3%.001°2C
AP, L0020
oS, Cr26"
70,600 C
75.C01.°
0. 0LOO"
s, cC33"
ag.cqon¢e
1.
S.u{Ll0
1e.309¢0¢
15.000C"
20.C(CO
25.CC3C0
30.cC0ur
35.e030CC
A, wC*CC
65.5C00C¢C
0. 00900
36.723(L°
60.9C20C0
65, 31r0CC
T0.3C00°7
5. 0000
83, c67¢eC
<, CrIcC
20.9020C
Je
S.713CC
13.0C00C¢
15.0633¢C
2. LC0CY
?5.,2(00C
M, 0030¢C
35.0C0C0
4d.nC3¢0¢0
85,0C06"
50.,0f0¢C0C
5%, Ccoce
5%.0970CC
65.060C0
70.CC0CH
75.2€C0CT
80, "CCGC
a5, Gegco
90.0C000
e.
s.nteoc
10.00206¢C
15.6(0C¢C
2t.0c0C¢C
?5.,00000
3f.0CC080
15, 0CEON
br,0(COD
e5,00C0C
SfH.ull(0
55.000C0
67, 0000C
6%, 0C00C
7a.grcee
75.6C000

317.96073
277,17381
XL 2TT74Y
139.539405
143.L47572
26.25145
48.31458
-.r0C0
~€35.475C2
«116A,67576
-1693,C5%47
~976,62036
~832,S7264
~655,25473
-449,99500
~222.06404
18.,98F39
23627667
237.06610
204,12G54
265.,11684
22L,0864Y4
181.35060
137.,23457
92.07411
hr,21291
-.0000¢0
-€29,41571
~1630,757¢3
-Q0L, 01029
-4 ,17109
-772.54073
~622,€33C%
448 ,f7955
~255.27€04
~b7.,0892%1
155,.,22818
296,9189%
208 ,.64117
251.,€61526
21247001
172.11498
130424560
87.38506
83,85643
-.(C0C0
“474,76911
-033,%3116
-5686,36227
=811.0%343
~Td0 121k
-5832,29167
-b37.62289
«276,20553
-97.65822
N7,61337
233,51035
271 ,36208
?36.84E66
200,82240
161,87585
122,49733

«454,19498
~483.07912
-502,40¢ck
~520.31636
~53€,45858
~545.,92597
~552.,73816
-277.17221
c.
~46.21291
-92.,97611
-137,23887
-181.35%69
=224,08644
-265,11684
-3u0,327 €%
-374.93183
-406,18>5¢
-434, 342730
-459,19544
-4808,55491
-498,25€E58
=312, 1E€660
=522.,17874
~528,21598
-265,11684
8.
~53,85943
-87,38506
=130,24%€4
=172, 11498
=212,ET4hk1
~251.€1526
-288,60817
-323,47035
=355,83772
=385,496¢%
~417.,27231
«§35.51042
“456.08176
~472,288201
-486,983%6
~495,€3532
~501, 31558
~251,61526
0.
-41,25023
-82,18652
-122.49733
-161,87585
=210,02260
~236,E4€E66
-271,46990
=304,22708
-3%4,€6892
-362,56%72
=409,8860h
~4208,34942
=hih, 75024
“L57,1€62%



a2
ThR, 20703
748,277 )"
755.65%01%
765,613
Ta6.,67050
755,011
75%.6°)2"
765.A00N
T65,6C00"
758,.67900
765,6.211%
786%.,627L "
L DL A
7R5,6491¢0
P7€8,6°1)0
755,629
755.67M00
765,671
765,690
7565.570381
765,630t
r33.M31C8
7843.0"°10¢0
33,0378
723,0"2%6
r33, ror)0
733, 01097
78%.,103031
733.,307)¢
733.9090"
7°3,300)0
A ATIRE
733.70018
7*3,%J130
733, 07°00"
733,036
733.,10729¢C
793.03:19"
793.30000
733.0%0%0
B 473 )0
25.412¢"
RON, 431720
820%.4%03"
878,.4)37)
873.600C0
00,4007
?90.,47009
PiN.HL)N0G
830.,6300"
_Jn, 4ngan
3, 40230
82%.,4C0000
803.430¢"
R17,6C009
"Nl 035"
RN 400MI"
€10, 43020
reg, L0009
#17.%096¢
817.R0007

8o, c(egr
AR, cire
AjenrI0GC
J.
R o I
1. 21002
18,3004
28, .03%
25.0C0°C
37.3C00°
TRl
ai.cCoCT
45. TCCC0
SR, G020
5¢.002LC
6" ~(3CC
6r. LLPLP
73,30310¢0
7e. 00" CC
37.7(CLT
c.0(0Ce
QAg.30C"C
".
LR OV
10.010"C
15,007 ¢¢C
22.c00C0C
25,6202
33.0C3¢Cc
3S5..0(2C00
47, CCG0C
4%, 3C0C0
50.0030C
55.3200¢0
50, CLCTC
6, dC0Ca
7¢.0730C
7%,7¢0CC
80, GfICe
85.0030¢C
97, 0CICT
%,
5.003080
1%5.0(C00C
15,003¢0
20, 0Cnn?
25, 00(0(00
RATR AL A
3R, J(0C°
4G, 00060
a5.Cc0Ce
50.2030¢C
55,0003"
50.Cr0cC
65, 0Ln(Ce
Te.0coCr
75.C0C0CC
A0, 0r0("
35,600°¢
on,0(00c
D
S.C(NLC

8%2.13652
4314255023
-.(‘0'.’00
=421 .£20L904
-£2G.,hC7¢
=790 L LIBY3
-722,0%650
~f4e3,%7451
~£39,95¢€11
~441R 232627
~?81,1%297
=131 742"
PF 23776
169,37€%2
2LF,510%610
220.12715
136,05¢¢1
150 .872¢¢h
117.94F29
TR, GUCIR
3é.*?7je0
-eN99%¢0
=376, 05430
«T2R,7647S
«696.507(9
~665,54575
=57/ ,23¢92
-491,€34006
=392 ,R27Ck
=?275.63506
-151.04124
-19,65178
111,15106
204,T5179
201.990€4
170,72987
138.1AC74
174,%6808
TG.15761
3%,20929
-.050800
«319,944298
-€3C,.59720
“f3L.45656
«563,950144
=500, 40724
=439,02716
=355.,79041
«261.,31429
~160.84376
-570179“ﬁ
59,99F32
152.73451
181,80¢€5
156,1375%9
126.73775
36, 73758
6343102
31.73507

= T0800
«?71.21768
«F35,1A747

~46€.102¢3
“471,49230
-23€, Eu6FR
0,
-38.37369
7€, 4W326
-150,57584
-186,05951
-?’0.12’1"‘
«252.51949
-282,50991
-311.30A80
-317.2541¢
-160,51521
-381,2714"
=-339.305990
~413,70371
-425,25300
=4L3X,5€534
-438,57920
-220.12715
L

~-35,20920

-73+15061
-104,€58 15
=138,16974
-17,72387
-201.299¢4
=~231.71015
-259,67417
-285.65791
«309,4K762
-330,92210
=36€.358126
-366,131 39
-379.61824
=390.21596
-397.6479¢0
~402.,044%12
=?201.99%64

0.
-31.,78647
«63,33102
=94, 19358

-1231. 737715
-154, .3759
-132, 5439
-2N9,188%7
~234b,43029
~257.088R06
«279,38%1 5
~298,75195
~315, 84738
~330,5341
“342.,71416
=352,281 €4
=359,16804
-362,32096
-1582,35437

0.

-28,0993¢
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817.8201°
817,a779¢0
"7, 000090
r17,2770(
817,810
17,870
o17,8( "
rMT, 0D
817, =00l
817,230
G17,42900
AL7.80C%0
817, 8%029
217.890C)
p7.690280
$L7,A3G"
R17.%0700
AI%.2°178
a5,2r00"
£35.,28373
n35,27369
35,2330
R318,23109
a5, 22520
3520070
*35.,2:110
R35.2°11%
85,2000
235,2%59"
35,2207
81,2000
/Y5, 2309¢
235,28031
A35.729795¢0
875,203
838,2ng9n

18.600LE
16. 0020¢
20, 2(CaP
2%. 31000
3. CO0P
35.Crece
L*, 2C2CC
LE,GIOCT
5r,C02CC
58, CLILC
RO, utCC
56,0(0Co
7¢.4C0CC
75, €004
82.0C3C"
"8, 30030
93.,9Cs00

'.
S5.0€00¢C
10, CL3t0
15.0¢€CL0
2r. cenng
25.47004
3%, CCLL
XL, J000¢C
43.2(00"
=, (LSO
5J.003C°
55.C(Ca"
6. FCOCC
hR, ICCTO
70.4900G0
% .(0C3
RGLLMIEN
85,8000,
9C, TCOCO

-5ih L2075
-482,215%5
~4L38,71n88
-Ip2.22¢16
=316, 7262
«~2LL.964C3
-15n0,56179
-72,38033
19,0476
133.725209
154,07253
136,250
110,26 8¢5
A3 L0t 28
5SS .,QR4PH
2R,N3C26
-.097C0
-123,76252
-2h4,210438
-235,T6451
-220,03%19
«231.52¢70
-176.‘?077
-147.,117%5
-116,10422
-77.,95615
«39,0332%
1.720%7
41,2755
67.,96017
63,4293
51.332¢46
¥8,R6527
26.76227
13.04r04%
=, 75000

-55,984L 86
~33, 44428
=11C. 2R ES
-13h,25%40
-161,20198
-134,92331
-207.73777
-227.,974073
=246,97576
-264,09786
«279,21027
-2Q02,19722
-02.3€1R2
-311.41831
-317.50592
-321.17711
-161.,201¢C8
0.
-13.083¢1
~2€.56227
=38.,94527
=51,33%60
“6I. 42934
-75.96330
=B8E."RE14
-96.647301
=106,12726
-114,97101
«1722.34375
-129,¢7881
=136, 774 €€
-161,93527
~144,372%83
«147,80645
=1%9,51548
=75.,76330
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LISTING OF waltR IMPACT LOADS PRUGRAM

PROGRAM DD LINPUTSUUTPUT s TAPECSINPUT 9 TAPEISOUTPUT 3 PUNCH)

MOD TO QHTAIN PUNCHED CakDS ONLY,

el
W= OO NN P WN -

1

ot ot s e ot
VO~ N>

NN
-0

1

NN
wn

NN
"

VN
®~Ne

ANGL
ANIL
ANL
ATIL
AVL
AWA
cp
CPR
CWSR

0C
LCPR
OMPR
DL
UPN
ovVsD

DIMENSION VSD(2U) oWA(2U) sPNIZ20) sWSK(20) oHPRI20) sCPR{20) 9+ XCORD(1V0)
DIMENSEUON YCORD(3T) oScULX(3T) oNSEOX(IT) oOLL3T)oSEBLY(20) 9NSEGY (20)
DIMENSION DC(20)sDVYSD(20) sLWA(20) sDPNI20) s XAPN(L10U) o XwA(100)
DIMENSION CWSR(100937)9PCk(10U3T)oPLIL00CIIT) sDWSR(20) +0HPR(20)
DIMENSION OCPK(20) s ANL (100 37) o AVL(L0U3T) o TyL (10U)sTVI XC(100)
DIMENSION RL(100) ¢AWA(LU0) o VIL (100e37) s ANILLL00937)sATILCL1GO+37)
DIMENSION TVIL(100) sREACT(100) «STRAP(100)
FORMATt10]S)
FORMAT(6F10.5)
FORMAT (8F10.,5)
FORMAT(BEL10.6)
FORMAT (IF20.5)
FORMAT (SF20.5)
FORMAT (1UXs4rHTNT=eF10,5)
FORMAT (10X 93RVSD910Xe2HAA» LUX92HPNGZ7)
FORMAT (YXsF10.998XeFl0e9e8XeF10.5)
FORMAT (1M])
FORMAT (10X +3HwSRe 1ORs 3 PR10A s INCPRY /7))
FORMAT (9K oF10.598XoF LusS98XKsF1045)
FORNAT (2K oSHPMAX=9F 10 ,5+2X92HT=oF L0 eD92X93NVV=9FlUeS592X93NHV=4F 0.
S92R92HR=9F10.502Xe 3HVL=9F 2045)
FORMAT (1UXs4HDVSD 9208+ 3r0WA22UXs3NDPNe//)
FORMAT(2R9F20e595XsF20eD93n9F20.5)
FORMAT (10X ¢SHXCORD 20X » IJHAPN 20X 3 3HARAS//)
FORMAT (10X 9 4HDWSR92UX 3 4NUNPR 920X 94HDCHR Y/ /)
FORMAT (BX o SHXCORD 9 15X o SHYCURD 9 195X s 4NCWSRe1TX93NPCRe LT X9 2HPL//)
FORMAT (BX o SHXCORD 9 15X 9 SHYCORD 9 16X 9 IHANL 9 1 TX 9 3HAVL 2 L TR 9 3HTVL//)
FORMAT (8X9SHXCORD s 16X 9 3HTVLy 10K SHTVLACe//)
FORMAT (SKoSHSTVL=9F 10,2999 THSTVLACS9F 154295X06HS2TVLS9F10,295X93H
CP=9F10.2)
FORMAT (10X s5HRCORD 920X 9 INXWAS2UX92HRLs7/)
FORMAT (BX9SHXCORD ¢+ 15X 9 HDHYCORD 916X 9 3NVIL 9 16X s 4HANIL 9 16X 94HATILY//)
FORMAT (10X 93HUB=9F20.10)
FORMAT (E10.3+315)
FORMAT (BX o SHXCORD 919X ¢ SHYCORD 9 10X 9 3HANL 2 16X 94HATIL//)
FORMAT (4F20.5)
FORMAT(FL0.2910X9F1042)

LIST OF PRUGRAM NUMENCLATURE

DEGHEE TO RADIAN CUNVERSION
€ 180 LESS INCLUSIVE ANGLL/2 OVER wHICH REACTING STRAP BLARS
NORMAL [NERTIA LOAD CUMPUNENT AT A NUOE
NORMAL LOAD AT MeSH POINT
TANGENTIAL INERTIA LOAD COMPUNENT AT A NUDE
VERTICAL COMPONENT OF NURMAL LOAD
WETTED ANGLE AT MESH POINT
CENTER OF PRESSURE
RADIAL PRESSURE DISTRIBUTIUN CURVE 2 (WETTED ANGLE EQUAL 90}
WETTED SURFACE RaTIO OF YCORD IN MESH
VEHICLE OIAMETER
INCREMENTAL LENGTH IN SEGMENT Y
INCREMENTAL PRESSUNE KATIO FOR CURVE 2
INCREMENTAL +..25SURE RATIO FOR CURVE 1
INCHREMENTAL LENGTH IN SEUGMENT X
INCREMENTAL PRESSURE
INCHEMENTAL VEHICLE STATIUN
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DWA INCREMENTAL WETTeD ANGLE
DWSR INCREMENTAL WETTEL SURFACE RATIO
DX INCREMENTAL OISTANCE ALONG A COORDINATE
oY INCREMENTAL DISTANCE ALONG Y COORUINATE
HC PORTION OF VERICLE CIHCUMFERENCE
HPR KRADIAL PRESSURE DISTRIBUTIUN CURVE 1 (wETTED ANGLE LESS 90)
HY HORIZONTAL VELOCIVY
KO CODE FOR DESIKED OQUTPUT (0sle OR 2)
LA CODE FOR SHAPE OF PRESSURE LURVE (0 OrR 1)
LP CODE FOR SHAPE OF WETTED ANGLLE CURVE (0 UR 1)
NC NUMBER OF COLUMNS ALUNG Y CUORDINATE VUIRECTION
NCOP NUMBER OF CIRCUMFERENTIAL DATA POINTS FOR PRESSURE
NLODP NUMBER OUF LONGITULINAL UATA POINTS FOR KEEL PRESSURE
NNX NUMBER OF SEGMENTS IN X LDIRECTION wlTrt CONSTANT SPACINGL
NNY NUMHBER OF SEGMENTS IN Y DIRECTION wITH CUNSTANT SpPACING
NR NUMBER OF ROWS ALONG X CUURDINATE DIKRECTION
NSEGX NUMBER OF MESH SPACES WITHIN SEGMENT X
NSEGY NUMBER OF MESH SKACES #ITHIN SEOMENT Y
PCR PRESSURE RATIO OF YCORD IN MESH AT A LONGITUDINAL STATION
Pl Pl
PL PRESSURE AT YCORD IN MESH
PMAX MAX IMUM PRESSURE
PN NORMALIZED PRESSURE AT A VEHICLE STATION
R VEHICLE RADIVUS
HREACT UNIFOKM STRAP BEARING LOAD AT A LUNGITUDINAL STATION
RL AVERAGE PEAK RUNNING LOAD AT A LONGITUDINAL STATION
SEGLX LENGTH OF SEGMENT IN X DLIKECTION
SEGLY ANGLE OF SEGMENT IN Y DIRECTION
STRAP STRAP TENSION LOAL AT A LONGITUDINAL STATION
STVIL TOTAL VEMTICAL INeRTIA LOAD ON VERICLE
STvL HALF OF TOTAL VERTICAL PRESSURE LOAD OM VEMICLE
STVLXC TOTAL FIRST MOMENT OF VERTICAL PRESSUKRE LOAD ON VEMICLE
SeTvL TOTAL VERTICAL LUAD ON VEHICLE DUE TO PRESSUKE
T TIME POINT NUMBLK
THETA INCLUSIVE ANGLE USED IN VEHICLE MODEL (90 OR 180)
TL TOTAL X LENGTH
INT TOTAL NUMBER OF TIME POINTS
TVIL TOTAL VERTICAL INERTIA LOAD AT A VEHICLE STATION
TVL TOTAL VERTICAL PRESSURE LOAD AT A VERICLE STATION
TVLXC FIRST MOMENT UF TUTAL VERTICAL PRESSURE LOAD AT A STATION
(¥]:] UNBALANCE BETWEEN PRESSURE AND INERTIA LOADING
VIL VERTICAL INERTIA LOAD AT A MLSH POINT
vL VEMICLE LENGTH
VSO NON'DIMENSIONAL VEHICLE STATION IN UIAMETERS
vy VERTICAL VELOCITY
WA WETTED ANGLE AT A VEMICLE STATION
WSR WwETTED SURFACE waATIO
XCORD X~COORDINATE UF mESH POINT
PN MAX PRESSUNE AT A ROW IN MESH
XWA AVERAGE WETTEU ANGLE AT A ROW IN MESH
YCORO Y=COORDINATE OF MESH POINT
INTEGER ZsYoX
=]
¥=2
X=3
READ(2+2) TNT
WRITE(307) TNT
29 READ(2:5))NLDPsNCOPsLALPIKO
READING OF DATA POINTS wHICH REPRESENT WETTED ANGLE AND NORMALIZED
PRESS''RE CURVES .
READ(202) (VSD (1) sWACI) oPN(L) s I=)l oNLDP)



(2] (2N g} OO0

c

WRITE(38)
WRITE(309) (VSD (1) oWA(L)oPN(I)sI=1eNLLP)
READING OF DATA POINTS wHICH REPRESENT PRESSURE RATIO CURVES
READ(202) (WSR (L) oHPR(T) s Crr(1) s I=1oNCUP)
WRITE(3911)
WHRITE (3012) (WSR(1) oHPR(1)sCPR(I)e1l=19enCLP)
READ(2+3)PMAX s TsVVeHV R VL THETA9ANGLE
WRITE(3013)PMAXsToVVeHVIRSVL
U=2¢ %R
A=0.01765329252
DIMENSIONALIZING OF LONGLITUDINAL AND PRESSURE RATIO CURVLES
DO 30 I=1eNLDP
¥SO(I)=VvS5D (1) =D
30 PN(I)=PN(]l)®*PMAX
WRITE (3+8)
WRITE(395)(VSD(I) oWA (1) o PN(T)sI=1eNLDP)
HEAD(2s 1 )NFoNC
IFINR)&O9S50en0
CALCULATION OF X COORDINATES IF MESH SPACING 1S CONSTANT
60 DX=VL/(NR~])
DO 70 I=1sNR
1F(1.EQ.1) GO TO 65
XCORDt1)=XCORD(1~1)+Dx
G0 TO 70
65 XCORD(1)=0.
70 CONTINUE
GO YO 61
READING OF X COORDINATES IF SPACING IS VARLABLE
40 NR==NR
READ(294) (XCORD(I) 9 I=]9Nk)
60 T0 ol
CALCULATION OF x COORDINATES IF SPACING IS CONSTANT wITHIN EACH
SEGMENT BUT VARIES FROM SEGMENT TO SEGMENT
S0 READ(291)NNX
READ(2¢4) (SEGLX(I)9lx]oNNX)
READ(291) (NSEGX(I)oI=]oNNX)
NR=z]
DO 90 1=1sNNX
DLII)=SEGLX(1)/NSEGX(])
90 NRENReNSEGX(])
J=l
TL=SEGLX(J)
00 100 Is]oNR
IF(1.EQ¢)1) GO TO 85
95 IF(XCORD(I=1),LT.TL) GO TO 105
J=ye]
TLETL+SEGLX (D)
GO 10 95
105 XCORD(])=XCORD(I=1)+DL(J)
G0 T0 100
85 XCORL(1)=0,
100 CONTINUE
61 IFINC)6Iv644062
CALCULATION OF Y COORDINATES IF MESH SPACING IS CONSTANT
62 DYSTHETAZ (NC=1)
DO 80 I=])eNC
IF(I1.Edel) 60 TO 7>
YCORD(1)=YCORD(]1~=1)*DY
GO TO ©0
75 YCORD(I)=0.
80 CONTINUE

39
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60 TOo 120
READING OF Y CUORDINATES 1F SPACING IS VARIAGLE
63 NC=~NC
READ(294) (YCORD(1)e1=]9NC)
60 TO 120
CALCULATION OF Y COORDINATES 1F SPACING [S5 CONSTANT wITHIN EACH
SEGMENT dUT VARKIES FROM SEUMENT TO SEOGMENT
64 READ (241 )NNY
READ(204) (SEGLY(I)eI=]19eNNY)
READ(2+1) (NSEGY (1) e I=2]enNY)
NCE=1
DO 110 I=1le¢NNY
DC(I)=SEGLY(I)/NSEGY(])
110 NCENCeNSEGY(])
Jsl
TC=SEGLY (J)
DU 120 I=zleNC
IF(1eEQsl) 6L TO 115
125 IF(YCORD(I=1).LTTC) 6L TO 130
JzJgel
TC=TC+SEGLY ()
60 T0 125
130 YCORD(1)=YCORD(I=1)+DC(U)
GO T0 120
115 YCORD(I)=0,.
120 CONTINUE
WRITE (391)NRONC
N=NLDP=-]
CALCULATION OF INCREMENTAL V3D » PN 5 WA
DO 140 I=lenN
OVSD(1)=VvSD(Iel)~VSD(])
IF(LP=1)1419142,142
141 OPN(I)=PN(I¢1)=~PN(])
GO TO 147 .
182 IF(PN(I)eEQ.0,0.0RePN(I*))eEWQ.0eU) GO TO 143
60 TO la)
143 UPN(I1)=0,0
167 IF(LA=1)16491469160
164 DWALT)=WA(Te))~WALL)
GO0 TO 140
146 IF(WA(1)EQe0.0.0RWA(I*]1)4EQe0e0) GO TO 148
GO TO 144
148 DWA(1)=0,0
140 CONTINUE
WHITE(3914)
WRITE (3+15) (DVSD(I)sDWA(TI) sOPN(I)s1=])eN)
CALCULATION OF MAX PRESSURE AND WETTED ANGLE AT X STATION IN MESH
Js]
L=}
D0 150 I=1yNK
IF(1,EQ.1) GO TO 135
IF(LP=1)145+91864180
145 IF(XCORD(I)JLE.VSD(J®))) GO TO 155
NINLD}
G0 T0 145
155 XPN{I)SPN({J)+ (XCORL(I)=VSD(J))*DPNLJ) Z7DVSD (J)
G0 TO 187
186 IFC(I.LTeNRJANDPN(J*1)40T,0.0) GO TO 305
APN(I)=PN(J*))
6L 7O 187
305 IF(VSD(Jel)=RCORD(])) 19091901184
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196 J=J+l
GO TO 305
186 IF(PN(J))19S+1819155
181 XAPN(I)=0.0
GO TO 187
135 XPN{I)=PNL(I])
AWA (L) =wA(])
60 TO 1%0
187 IF(LA=1)188+189918Y
188 IF(XCORD(T)4LELVSD(L+1)) GO TO 193
L=l+]
60 TO 188
193 AWA(I)=WA (L) ¢« (XCORD(1)=VSL(L))*DWA (L) /DVSD(L)
60 TO 150
189 IF(1oLTeNRJANDWA(L*L) +GT4040) GO TO 310
AwA(I)zwA(Lel)
6v TO 150
310 Ie (VSD(L*L)=XCORD(I)) 19701979191
197 L=ie+l
60 TO 310
191 IF(WALIL))193+192+193
192 AwA(I} =040
150 CONTINUE
WRITE(3416)
WRITE(3+15) (XCORD(I) e xPN(I)sAWA(]l) 9 I=19NR)}
CALCULATION OF RL AT EACH X STATION
L=l
DY 151 I=1eNR
IF{LP=1)162+1639163
102 IF(I1.EQG.1) GO TO 152
IF(1.EU.NR) GO TO 153
164 RLII)Z(XPNII®L) ¢ XPN(I) ) *(XCORD(I¢1)=XCOKD(I))/&ae (APN(]I)*XPN(I=1))
12 (XCORD(1)=XCORD(I=1)) /&,
60 TO 151 :
152 RLUD)Z(XPN(LI+1) e XPN(L))*(XCORD(I*1)=XCORD(I)) /4,
L=Le}l
60 TO 151
153 RLUD) 2 (XPNC(I) #XPN(I=1) ) (XCORD (1) =XCORD(I=1)) /4,
60 TO0 15}
163 [F(XPN(I)) 15491544156
156 IF(L.EQ.1) GO TO 152
IF(1+EQeNR,ORJXPN(I*]1),EQ.0,0) GO TO 153
G0 TO les
156 RL(1)=0,0
151 CONTINUE
CALCULATION OF XWA AT EACH X STATION
L=]
DO 159 Is]eNR
IF(LA=1)172e)72s172
171 IF(I1.EQ.NR) 60O TO 157
IF (AWA (1) .EQ,0.0) GO TO 177
176 XWACI)=(AWA(LI¢L1)+AdA(I)cARA(LI~1)¢ANA(])) /4,
60 T0 159
177 IF(AWA(I*1)=AWA(I))1ISTe15T9158
157 XWA(I)=(AWALLI=1)*ANALLI)) /72,
60 TO 159
158 XwA(I)sAWA(I+))/2.%AWA(1)/R2,
Lele]l
GO0 TO 159
172 IF(AWA(I))1Tas1lT4y1T3
173 IF(L.EQ.]1) GO TO 158
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IF(IWEQ.NRJORAWA(I*))4EQe0.0) GU TO 157
60 TO 170
176 XWA(I)=0.0
129 CONTINUE
WRITE (3y922)
WRITE(3915) {XCORD{1) o XWALI) »RLLI) 9 I=2])oNK)
CALCULATION OF INCREMENTAL WSR ¢ HPR ¢ CPR
MaNCDP~1
DO 180 [=leM
DWSR(I)=wSR(]+1)=wSR(])
OHPR(I)sHPR([+]1)=HPR(])
OCPR(I)=CPR(I+1)~CHR(I)
180 CONTINUE
WRITE(3IIT
WRITE(3915) (DWSR(I)2DHPR(L) +OCPR(TI)sl=l9M)
CALCULATION OF CWSR » PCKR » PL FUOR EACH NUDE PUOINT IN MESH
D0 160 I=)sNR
Ka)
00 160 Js)eNC
IF(YCORD(J) o GT o XWA (L) LORXWA(])sEQeDs) GO TO 165
CWSR(I+J)aYCORD(J)/XWAL])
170 IF(CHSRUIoJ) JLELUWSR(K+L1)) GO TO 175
KaKe]l
60 T0 170
175 IF(XWA(I)LT.90.0) GO YO 185
PCR(J+J)=CPR(K) ¢ (CWSR (L +J) ~WOSR(K) ) #DCPR{ ") /DWSR(K)
60 Y0 190
185 PCRUIsJ)SHPR(K) ¢ (CWSR([9J) =WSR(K) ) *DHPR (K} /DWSR (K)
190 PL(19J)=PCR(IsJI®RL(])
60 T0 160
165 PCR{I J)=0,
PL(I0J)=0,
160 CONTINUE
WRITE(3418)
1!?175(396)((XCORD(I)oYCORD(J)oClSR(ch)o?CR(IoJ)nPL(loJ)odiloNC)ol
=] oNR)
CA:CULATION OF ANL s AVL » TVL FOR EACH Y STATION ALUNG X COORDINATE
BA®R
00 200 I=lyNR
TvL(])=0,
DO 200 JUsmloNC
IF (JoEQeNC) GO TO 230
IF(JeEQel o AND o XWA (L) «BE.YCORD{J®1 ) GO TO 205
IF (XWACI) LT YCORD(U®1) sANDoJeEQW]1) GO TO 225
IF(XWALT) LE.YCORD(U) cANDoPL(19J*])) sEQ.0.0) GO TO 230
IF(PLULIsJ*)) sEQeVeVeANDXWA (L) 4BT.YCORD()) GO TO 235
ANL(T9J)mS® ((YCORD(Jo1)=YCORD(UI)I®(PLILTouel)oPLILoU) )/ (4.,%COSC(A®((
1YCORD (J*1) *YCORD(J) ) 724=YCORD(J)))) ¢ (YCORD (J)~YCORD (J=1) ) ®(PL(Isy)
ZOPL:gog;;))I(A.’COS(A'(VCORD(J)-(YCORD(J)OVCORD(J'X))/2.))))
80
205 ANL(IsJ)mS®((YCORD(J*_ ) =YCORD(WN I ®(PL(Louel)*PLII0J))/401/COS(A®(Y
1CORD(J*1)=YCORC (J))/2,)
60 Y0 215
225 ANL(T+J)mS*(XWALT)=YCORD IS I®(PLILIJ) 72:)®()o=(XWALI)=YCORD(J))/ (2
1. (YCORD(Je¢1)~YCORD(U))))/COS(A®(XWA(I)=YCORD(J))/2,)
60 T0 215
230 ANL{ToJ)aS®(XWALI)=YCORD(J=1))®(PL(IoJ=1)/2:)%(XWA(I)=YCORD(J=1})/
;:2.'(YCOND(J)-YCORD(J-I)))'COS(A'(YCORD(J)*(X!A(I)OYCORD(JOIJ)/2.)
60 T0 215
235 ANL(IsJ)uS® (YCORD(J)=YCORD(J=1) ) ®(PL(JsJ)*PL(L9J=1))/(4.2COS(A®(YC
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LORD(J) =(YCORD(J) eYCINU(J=1))/24)) )¢ (S (XwA(1)=YCORD (M) )®(PLILIoW) /2
) #(]la=(XWALL)=YCORL(U))/(2e*(YCORD(J+1)=YCORD(J)))))ZCOS(AR( (AWAL(
3D +YCORL(J) ) /2e=YCORL (M) }))
215 AVL{T«UYZANL (19U #COS(A®YCORD (YD)
TVLIT)=TVL (L) +AVL(Is D)
200 CONTINUE
WRITE(3+19)
WRITE (3¢6) ((XCORD (1) sYCORD(J) 9 ANL (I9J) sAVL(IaJ) o TVL(1)eJxlenNC) =]
1sNK)
PUNCHED OUTPUT OF PRESSURE LOADS AT NODL POINTS
IF(KO=1) 40594254960
405 DO 400 IsleNR
DO 400 J=]lsNC
IF(ANL(T0J) eEQa0e0) GO TU 400
IF(JeEG@NC) GO TO 43¢
ARNL(IsJd)==ANL (194}
GO TO <2,
435 ANL(I+J)==ANL(IsJ)/2.
GO T0 420
420 PUNCH 25+ANL(Io . vledel
400 CONVINUE
60 TO 650
CALCULATION OF NORMAL STRAFP REACTICN LOADS
960 DU 900 I=leNR
IFCTVL(1) oEQe040) GO TO 905
STRAP(I)=TVL(I)/SIN(A®(1b0e=ANGLE))
REACT (I)3=STRAP(1)/R
G0 TO 900
905 REACT(1)=0.0
STRAP(1)=0.0
900 CONTINUE
DO 950 I=leNR
DO 950 Js=]leNC
IF(REACT(I) 4EQeCo0) GO 10 950
IF(JJEQNC) GO TO 945
IF(YCOKD (J) o GE +ANGLE) GU TO 935
ANIL(IsJ)2P,.0
60 TO 950
935 IF(YCORD(J)+tQeANGLE) GO TO 930
ANIL(ToJ)oSOREACT(I)®* ((YCURD(J*1)=YCORD(J) )/ (2.%CUS(A®((YCORD(J*])
14YCORD(U) ) /2e=YCURD (U} ) ) ) ¢ {YCORD (J) =YCURD (J=1)) /(2. #COS(A®(YCORU (J
2) = (YCORD(J)+YCORD (U~1))/24))))
yO TO 540
930 ANIL(I2u)2S*REACT(X)#*(YCORD(U*1)=YCORD(U) )/ (2.%COS(A®(YCDRD(J*])=Y
1CoRD(UY)I/Z2.))
GC YO %e0
945 ANIL(19J)=SOREACT(I)®(YCORD(J)=YCORD(J=1))/(2.®CUS(A*(YCORD(J)=YCO
1RD(Y=2))/72.))
940 PUNCH 25sANIL(IsJ)elvueZ
950 CONTINUE
60 TO &0%
CALCULATIO~ OF VIL o ANIL o ATIL FOR EACH Y STATION
425 Ple3,1415926535%9
HC=THETA®PI®R/180,
DO 600 IslyNR
TYIL{I)=0,
DO 600 JUslyNC
IF(TVL (1) «EQe0.0) GO TO 620
IF (JeEWel) GO TO 605
IF (JJEWWNC) GO TO ol0

63
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VILUI s D) =S*UYCORD IS+ 1) =YCUORD (JU=1) ) *TVL(I)/ (2.*HC)
60 T0 615
605 VIL(IJ)2S®(YCORUU*1)=YCORD(J)I®TVL(])/(2.%HC)
60 TO 615
610 VILII+J)I=SE(YCORD(J)=YCURD(JI=1))®TYL(]) /(24 *HC)
615 ANIL(Io'=VIL(£eU)®COS(A®YCONV(U))
ATIL(1oJ)s=VIL(1eJ)®*SINIA®YCUKL (J))
GO TG0 625
620 ANIL(1+J)=0.0
ATIL(IsU)=0.0
625 TVIL(II=TVIL(I)eVIL(],.J)
600 CONTINUE
IF (X0)650+6504+040
640 WRITE(3+23)
WRITE(340) ((XCORD(I) o YCORD(II o VIL (19JU) o ANIL(I0J) sATIL (I0J) sJZ]1eNC)
IrvIz1lohik)
650 STVL=0,.
STYLXC=0,
STVIL=0.
CALCULATION OF HALF STvL ¢ STVLAC » TYLXC » STVIL
00 250 I=]1+NR
TVLACtI)=TVL (1) ®#ACORD (1)
STVL=STVL+TVL (1)
STVIL=STVIL+TVIL(D)
STVLXC=STVLXC*TVLXC(])
250 CONTINUE
WRITE (3+20)
WHRITE(3¢5) (XCORD(I) o TYLII) 2 TVLXC(I) 9I=1oNR)
CALCULATION OF TOTAL PRESSJKRE LUAD ON VEMICLE AND CENTER OF PRESSURE
CP=STVLRC/STVYL
S2TVL=2,%5TvL
WRITE(3921)STVLSTVLRC»S2TVLCP
PUNCH £89S2TVLCP
INERTIA LOADING BALANCES TOTAL VERTICAL PRESSURE LOAD CHECH
uB=STVYL-STVIL
NRITE(3924) U8
IF(KO=1)070:6604670
CALCULATION OF NET NORMAL AND TANGENTIAL LOADS AT A MESH POINT
660 DO 700 I=1eNR
D0 700 JsleNC
IFITVL (1) «€EQ.0.0) 60 TO 700
IF(J.EQ.NC) 60 TO T10
ANL(IoJ)=<=ANL (19 J) *ANIL(I0J)
ATIL(I90)=ATIL (I D)
G0 YO 700
T10 ANLIIoJ)=]1®ANILLIsJ)=ANL(I9J) /2.
ATIL (T2 J) =] o ®ATIL (12
700 CONTINUE .
WRITE (3+26)
WRITE(3027) ((XCORD(T) g YCORD(J) o ANL (I9JU) sATIL (I 0J) 9J=L29eNC) o I=]1 o)
PUNCHED OUTPUT OF NET PRESSURE AND INERTIA LOADS.
D0 800 Is]IsNR
DO 800 J=lenC
PUNCH 25+ANL . - J)eleuyZ
PUNClt 25¢aT . rJ)elsJeY
800 CONTINUE
6T0 IF(T.EQ.TNT) GO TO 500
60 70 29
S00 CALL EXIT
END



LISTING OF INPUT DATA CAxDS FOR THE 3 SUPPLEMENTAL PROSLRMS

3.0
3 10
Vo0
6095834
0.0
0.22222
044444
0.66660
0.48888
25.0
21 19
3 10
0.0
6.95834
0.0
0.22222
044444
0.66666
0.88888
25.0
21 19
4 10
0.0
5.21875
0.0
0.22222
044444
0.66666
0.88888
25.0
21 19

1 1
0.0
60.0

1.0
0.93969
0.76604
UeS
0.17365
1.0

1 1
15.0
0.0

1.0
0.93969
0.76604
0.5
0.1730S
2.0

1 1
0.0
60.0

1.0
0.93969
0.76604
0.5
0.17365
3.0

1.0
0.0
0.0
0.0
0.0
0.0
0.0
60.0

0

0.0

017778

0.0

0.0

0.0

0.0

0.0
60.0

3.47915

dedllll
0.33333
0.55555
0,77777
lab
60.0

3.47916

0.i1111
0.33333
0455555
0. 77777
1.0
60,0

1.73958
6.,9583¢
0.11111
0.33333
04955535
0.77777
1.0
60,0

15.0

0.98481
0.86603
0.6427Y
0.34202
0.0
6u.0

60.0

0.9848])
0.86603
0.64279
De30202
0.0
60.0

15.0
0.0
0.98481
0.36603
0.64279
0+.34202
Ue0

60.0

Neooooeo [
.

83S5.0

90,0

90.0

90.0
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LISTING OF PUNCHED LUAD CARDS FUR THE 3 SUPPLEMENTAL PRUBLLMS

~le282. 11
=2+230E¢us i1
«1.522€+03 11
-6.269€+402 11}
=2.092E+01 11
-2.406E+03 12
~4,423E+03 12
=3.328€+02 12
~1.751€+03 1.
«3.,5956¢02 12
-2.223E+03 13
-4,20TE+03 13
=3,521£+03 13
«2.464E+03 13
=1,210t+03 13
«1.883E+02 13
«2.018E+03 1o
=3.882€+03 1o
=3,435E+03 14
~2.T31E+03 ]e
«1.820E+03 1o
=8.,402E+02 14
~9,E4T7E+0L 14
«1,807E+03 15
=3.509€+03 15
=3.208E+03 15
=2.729€+03 15
-2.094E¢03 15
«1.341E+03 15
=5.801E+02 15
«4,688E+0)1 15
=1.591E+03 16
=3.110€+03 1o
=2.991E+03 16
=2,569E+03 1o
=2.127E+03 16
=1.591E+03 16
=9.,8326+02 16
«3,951€+02 16
«2.095E+01 16
«1.373€E+03 17
«2.697E+03 17
«2.553E+03 17
=2:321E+03 17
-2.008E+03 17
«1,626E+03 17
«1.188E+03 17
=T7.084E+02 17
=2,0632E+02 17
~8.241E+00 17
=1.152E+03 18
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=2.271E+03
=24173L+03
-2.013E+03
=1.796L+03
=1.526L+03
=1.216E+03
-4.T0TE02
-5.005E002
=1.702E+02
~2.631E+20
-9.298E+02
=].836E+03
=1.T69E+03
=1.660E+03
=1.513€+03
=1331t+03
=1.118£+03
-8.T85E+02
=6.177c+02
=3.416£+02
=1.054E+02
~5.730E-01
~T.068E+02
=1e393E+03
=1.354E+03
~1.285E+03
=1.191E+03
=1.0T4E+03
=9.332E+02
~T«734E+02
~5.990E+02
=4.131E+02
-2.189€+02
=6.102E+01
-5.000€-02
~2+9T6E+02
~5.891k+02
-5.721c+02
~5.454E+02
~5.089E+02
~4.625E+02
~4.,071€E+02
=3.445L402
~2.T6LE+02
~2.023E+02
~1.205€E+02
~5.124E+01
~3.365E+00
252742.17
~1.202€+03
~2.230E+03
«1.522E+03
~64269E+02
=2.691E+01
~2.406E+03
=4 ,423E+03
=3+328E+03
=1.751E+03
=3.594E+02
~2.223E+03
=4,20T7E+03
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=3.921k+03
«2.464E+03
=1.210E+03
=]1.883E+02
-2,018E+03
-3,682L+03
-3.435E+03
~2.731E03
=1l.82ut+03
=8.402E402
=9.04TE 0]
=1.607E+03
=3.509€+03
=3.,208E+03
=2.729E+03
=2.094E+03
=1.341E+03
=S.801t+02
~4.088E+01)
=1.591E+03
=3.110t+03
~2.901E+03
=2+569L+03
“2.127E+03
=1.591E+03
-9.832¢c+02
«3.951E+02
=2.095€E+ul
=1373E+03
=2.69TE+03
=2.553€E+03
=26321E+03
=2.008E+03
=1.626E+03
=1.188E+03
=T7.084E+02
=2.632E+02
=B.242E+00
=1.152E+03
=2¢271E+03
21734023
=2.C13E+03
=1.,796E+03
=1.528E+03
=1.216E+03
~8.707€+02
=5,005E+02
=1.702E+02
=2 631€+00
=9,298E+02
~1.836E+03
~1eT69€+03
=1.660E+03
~1.513E+03
=1.331E+03
=1.118E+03
~8.T785L+02
=bs1T7E <02
=3.416E+02
~1.054E+02
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